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ABSTRACT

The Forest Practices Rules and Regulations contain Bet Management Practices (BMP) which
indude reguirements for Ripatian Management Zones (RMZ) on catan waer types afected
by timber haves edtiviies The purpose of this Sudy was to test the effectiveness of the
BMPs (i.e, RMZs) a achieving wae qudity sandards for temperature.

Recording thermographs were deployed upstream and  downstreem  of  thiin RMZs
datewide during the summer of 1990 to monitor Stream temperaure response to timber
havests. Streams and riparian zones were characterized to evaluate factors influendng the
obsarved temperature conditions

Maximum obsarved water temperaures ranged from 12.8°C to 19.9°C. Maximum wae
temperature change between updream and downdream monitoring Stes ranged from 0.3°C
t0 5.2°C. Ddfinitive deerminations of whether gpplicable water qudity criteria were met or
exceeded were not possble for many of the dudy Stes due to uncertainties reaed to
thermograph  accuracy and/or  representativeness of the monitoring period. Water
temperature criteria were met or judged likdy to be met a three of the thiin dudy gStes
These RMZs were conddered effective. Temperaure conditions a five of the thiin study
gtes exceeded gpplicable criteria for maximum alowable temperature, with conditions & an
additiond three gtes possbly exceeding criteria The BMP was conddered ineffective & Sx
of the dtes where maximum temperaure criteria were exceeded or possbly exceeded. At
two of the five gtes whare maximum dlowable temperaure criteria were exceeded, the
excesdances were dtributed to factors other than timber harvesting a the dudy Ste, and the
BMP was conddered effective. Possble exceedance of the criteria for allowable temperaure
change due to timber harvesing was indicated by the monitoring results a two of 13 gdtes
At one additionad dte, exceedance of the temperaiure change criteria was suspected based on
soot fidd checks.

The primary fattors influendng BMP efectiveness gopear to be dte devaion, pod-harvest
shede levds groundweter flux within the reech, and sreem morphology. Stream
modification by beavers was a dgnificant factor influendng the effectiveness of RMZs a
some Stes. The proposed new TFW method for identifying temperaure sengtive streams
tekes the mogt important factors into account, and is expected to correctly identify Sreams
where enhanced RMZs ae nesded in a mgority of cases To optimize the effectiveness of
RMZs, procedures to identify and address dte gpedific anomdies which result in temperaiure
sendtivities that would not be identified by the new TFW dream temperature screen and/or
modd should be incorporated into the BMPs.
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METRIC TO ENGLISH CONVERSION FACTORS

Multiply To Obtain
Metric Units By English  Units
Meters (m) 3.28 Fect
Kilometers  (km) 0.621 Miles
Hectares (ha) 2.471 Acres
Liters'second  (L/s) 0.0353 Cubic feet/ second (cfs)

Degress Cdsius to Degress Farenhat: °F = (°C)(1.8)+32




INTRODUCTION

The potertid effects of timber harves on dream temperaure were identified as a mgor
concen to be addressed by the Timber/FdvWildlife (TFW) Water Quality Steering
Committee of the Cooperdtive Monitoring, Evauaion, and Research Committee (CMER).
Within the Washington Forest Practices Rules and Regulations (Chapter 222-30 WAC), the
ripaian manegement zone (RMZ) rules were edtablished as Best Management Practices
(BMPs) to protect larger, fisrbearing, type -3 dreams (generdly 3rd or&r or greater) from
advere tempedure increeses Ripaian management zones ae essatidly dreamdde buffers
left as a pat of timber harveding practices on date and private land in Washington.  The
Fores Practice Rules define an RMZ as “a edified area dongdde Type 1, 2, and 3 Waes
where spedific messures are taken to protect water qudity and fish and wildlife habitat.”

The RMZ rules specify dandard prescriptions for buffer grip widths and leave tree
requirements dong dreams RMZs ae intended to provide adequate shading to maintain
itdble waer temperaures, as wel as provide wildlife and fish habitat and protect the
physcd integity of the dreams. The rules require dtendive havest plans which rean
gregter amounts of shading where dreams are found to be temperaure sendtive according to
a method acoeptable to the Depatment of Naiurd Resources Where it is demondrated that
ggnificant adverse water temperaiure impects from proposed harvests are expected following
the dandard RMZ prestriptions, the rules require that 50% to 75% of the preharvest shede
be retaned. A copy of the RMZ rules evaluated is induded in Appendix A.

The Temperaure Work Group (TWG) of CMER undertook a sudy to cheracterize sream
temperaure regimes in Washington and devdop a method to be usad in goplying the
temperature sengtivity provisons of the Forest Practice Rules (Sulliven, er. d. 1990).
During the summer of 1988, dream temperaure daa was collected from 92 Stes throughout
the dae for an andyss of dream temperaure regimes. More comprenensve daa was
collected & 33 of the Stes to evdude the predictive cgpdbilities of exiding reech and basin
tempearature modds Study gStes induded type -3 dreams locaied in dl foresed ecoregions
of the date represating a vaiey of ripaian sheding conditions ranging from maure conifer
fores to dtes completdy devoid of shade With the exception of one gte, this sudy did not
use daa from aress where timber harveding had been conducted in accordance with current
RMZ rules because fidd dudies were conducted before these rules were implemented.

This extendve daa collection and andyss efort culmineted in the devdopment of a method
for ue by forex manegars and regulatory agendes for'predicting temperature sendtivity and
desgning RMZs. The method provides a means of identifying Stes which require greater
temperature protection than sandard RMZ prescriptions provide. Tools devedoped for the
method indude a temperature streen and a computer modd.  The screen is a nomograph
used for placing the stream of interest into one of three temperature categories basad on gte
devation and the amount of dream shading. The modd incorporates additiond gte
information to predict expected Sream temperature bassd on exiding and proposed shede




levds As of this writing, the method devdoped by the TWG is undergoing fidd
implementation and sengtivity teding, and the Foret Prattice Rules are being revised to
incorporae use of the new method.

Although the aforementioned temperaure dudy did indude a prdiminary evduaion of the
effectiveness of the RMZ rules based on empiricd rdaionships it was not ecificaly
desgned to tes BMP effectiveness The main focus of the presnt study is to determing,
through fidd monitoring, the effectiveness of the RMZ rules when goplied in actud forest
manegement  Studions The tesx of BMP (i.e, RMZ) dfectiveness is thar ability to meet
dae wae qudity dandards for dream temperature.

The waer qudity sandards for surface waters in the State of Washington (Chapter 173-201
WAC) eddblish the benefidd uses of waers and incorporate gpedific numeric and nardive
criteria for paramees uch as wae temperaure. These citeia are intended to define the
level of protection necessary to fully support the beneficid uses The waer qudity Sandards
regulaion indudes two types of temperaure criteria goplicable to forest dreams 1) an
abolute maximum temperature not to be exceeded, and 2) a maximum dlowable incrementa
incresse in temperaure thet may be caused by nonpoint source ectivities (i.e. forest
practices).. The dandards provide for different dassfications of surface waers depending on
water qudity potentid and beneficdd uses to be protected. Streams subject to the RMZ
provisons of the Forest Practices Rules are @ther Class A or AA. (The adtud dassfication
IS based on the provisons found in CH 173-201-070 and 080 WAC, ad is genedly
determined by whether the waterbody is within the drainege basn of a lake or a dream
which has been gedificdly desgnaed Class AA.) Bath Class A and AA dreams ae
desgnated for the protection of dl aguaic life uses induding salmonid spawvning, rearing,
and migration.

Water qudity citeria for temperaure that goply to dreams dfected by fores manegement
activities are destribed bdow. For Class AA dreams the maximum dlowable temperaure
is 16.3°C, except where exceeded by naturd conditions. Incrementd temperature increases
caused by any nonpoint source adtivity (such as timber harvesing) may not exceed 2,8°C.
Where naturd conditions exceed 16.0°C, increeses due to humen adtivities are limited to
0.3°C. (In other words, the dlowable incrementd increese ranges from 0.3 to 2.8°C
Oepending on naturd  background conditions) For Class A dreams the maximum dlowable
temperaure is 18.3°C, except where exceeded by naturd conditions Incrementd  increeses
due to nonpoint Source ectivities may not exceed 2.8°C, exoept thet where naturd conditions
exceed 18.0°C incresses causad by human adtivity may not exceed 0.3°C, In order for the
BMPs to be conddered efective, both the criteria for maximum temperature and incrementd
increase in tempearaure must be met.



Study  Objectives
The objectives of the dudy were

1) Detemine the dfectiveness of the BMPs (i.e the RMZ rdes a mantaning waer
temparaures & levds which megt the aiteia for maximum dlowable temperature
edeblished in date waer qudity Sandards

2) Detemine the effectiveness of the BMPs a meding waer qudity criteria pertaining to
incremental  increeses in temperaure

3) Evdude the influence of various sreem and riparian zone characterisics on BMP
effectiveness

This gudy of BMP dfettiveness did not evduate temperaure conditions in amdler,

type 4 and 5 waes (generdly fird or second order dreams) afected by timber harvesting
activiies However, the waer qudity dandards and criteria discussed in the previous section
goply to dl surface waters of the dae, induding sreams that do not bear fish. The citaia
are intended to protect dl agudic life in dreams In many cases the amdler type 5 dreams
do nat have surface flow during, the summer, 0 aiteria would goply when they are flowing.
This sudy therefore, should be viewed as a limited evaluation of evduging BMP
effectiveness, as it addresses only those fishrbearing dreams covered by the RMZ rules

METHODS

The ovedl agoproach to achieving the sudy objectives was to evduae dream temperaure
conditions within representative RMZs that had been desgned in compliance with post-TFW
Fores Practice Rules for timber havesing. An upstream/downdream monitoring  gpproach
was usd. Each RMZ dudied saves as an example of BMP implementation. Results from
sudy RMZs ae evduaed individudly as a sries of case dudies to determine BMP
effectiveness and odllectively to evaluate factors contributing to effectiveness or
ineffectiveness of the BMPs.

Site Selection Criteria

Represntative dudy Stes were sdected udng a Depatment of Wildlife database on RMZ
characteridics (Carlson, 1991). The Depatment of Wildlife database contans information
on ripaian zone and dream channd charadteridics collected during fidd surveys Criteria
for candidate sudy dtes incduded: representative examples of both eest 9de and wes Sde
RMZ prescriptions, examples of both 1 and 2 sded RMZs, units harvested in accordance
with RMZ rules (as given in Washington Fores Practices Rules and Regulations

November 1, 1988), road access within a ressondble digance of monitoring Stes and where
possble RMZ lengths of a least 600 meters RMZs represanting a wide range of devation
and canopy cover were sdected. RMZs dong water type 2 and 3 dreams were genegdly
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used, snce lage dreams ae less influenced by ripaian shading (Sullivan, er.al. 1990). An
exception was the South Fork of Degp Cresk which is a type 1 dream.

Sreams with rdaivdy mature riparian canopy cover (i.e sscond growth timber stands)
updream from the sudy RMZ were given preference, Snce these aress would more dosdy
represant neturd  beckground conditions. RMZs aong sream resches without  tributaries
were chosen because it was dedrable to have minima change in flow within the sudy reach.
After an initid screening usng the Depatment of Wildlife databess, reconnaissance vidts
were made to prospective sudy stes to veify ther suitability. Since units were gpproved
for havet under RMZ rules, it was assumed that the BMP was properly adhered to unless
obvious discrepancies were noted during fidd reconnaissance. Sites which did not gppear to
be in compliance with RMZ rules were exduded from monitoring.

Water type, as defined in the Fores Practices Rules and Reguldions, is one of the
determinants of RMZ requirements. In generd, wae type is inversdy rdaed to dream
order. For the dudy gtes this was taken from the Depatment of Naturd Resources waer
type maps atached to the Foret Practice Applicaions. The water qudity Sandards
dasdfication of monitored dreams was detemined by examining the dranage nework in
rddion to the citeria for suface water dassfications given in CH 173-201-070 and

080 WAC.

FHdd Mehods
Temuaaure

Temperaure data was collected usng Unidata® data loggers and temperature probes
(thermigtors).  For condgency, individud data loggers and two-thermidor probe sats were
pared throughout the study. Each daa logger and probe set combingion is refered to as a
thermograph.

Thermogrgphs were cdibrated prior to initid deployment, and again a the condudon of the
dudy, in order to document indrument bias and peaformance a represantaive temperatures
At the completion of monitoring, the raw data was adjusted for indrument bias bassd on the
before- and dfter-cdibration results A catified reference theemometer (ERTCO®  Ingrument
number 1326) was used for cdibration. As a fidd check on the indruments ar and waer
temperatures were taken usng a hand hdd themometer a dl themograph dtes a the time

of deployment and retrievd.

Each thermograph hed two thermidors one sendng ar temperaure and the other water
temperaure. Themographs were programmed to record maximum, minimum, and average
ar and wae temperature on an hourly bass bassd on themigor readings which were
sanned every five ssoonds The themigorsequilibraie vaery rgpidly to  changing
temperaures, and have a maximum response time of less than one minute for a 54°C
temperaure change, according to the manufecturer (Barney, 1992). Themographs were




deployed concurrently just upstream of the RMZ boundary to monitor background
conditions, and in the downdream portion of the RMZ to record the temperaiure response of
the sudy reach.

Both the ar and water temperature probes were postioned 0 as to be shaded from direct
anligt. The ar temperaure probes were placed goproximatdy one meter above the ground
near (but not directly ove) the streeam channd. The waer temperaure probes were placed
in a represanteive dream arosssection, generdly within the main current (thawey),
avoiding back-eddies and beckwater aress. The upstream and downdream weter temperature
probes were placed @ dmilar depths and channd conditions Water temperature probes were
placed degp enough to minimize the influence of dreamflow fluctuations Totd water depth
a the location of the probe and depth to the thermidor were recorded at the time of
inddlaion and removd of'the themogrgph.

Thermogrgphs were gengrdly left in place for two weeks a each dudy Ste Deployment of
thermogrgphs began during the third week of July 1990 and continued through late
September, 1990. It was preferable to conduct monitoring during the mid-July to mid-
August peiod when the highes ar tempeaures generdly occur. However, limitations on
equipment and personnd did not dlow monitoring of a suffident number of gtes during this
period, and deployment of thermographs continued with the hope that late ssason high
temperatures would be representaive of aiticd summer conditions For dtes monitored
ater August 15, daly temperature deta from representative Nationd Oceanic and
Atmospheric Adminidration (NOAA) weather dations were usad to evdude the extent to
which the monitored period represented the summer high temperatures

Discharge.

Stream discharge was edimated & both upstream and downdream thermogrgph Stes, etber
a the time of themograph deployment or rerievd. In some cases discharge readings were
teken & both times  Current velocity messurements were obtained using a Marsh-McBirney®
flow meter a& multiple points & each crosssection. Upstream and  downstream  meesurements
were taken on the same day, as dose in time as practicable, and were compared to provide a
rough edimae of dreamflov gan or loss over the monitored reech. At one of the sudy
gtes, discharge readings were nat taken, but a rough (order of megnitude) visud estimae
was mede in order to fadlitate comparison. At another Ste, a dischage measurement was
obtained a the downdream dgte only.

RMZ Lengh

RMZ length is the digance from the upsream boundary of the harvest unit to the
downdream themograph dte. In most cases these dislances were messured dong the
dream course udng a dring box or messuring tgpe  In the case of Tokul Cresk and
Tributary to Ponexr Crek, the didance was etimated from aerid photogrephy and

topographic mgps usng a map whed.




Riparian Shade Levd

The levd of shade provided by the riparian canopy over a Sream is a primary factor
influendng dream temperaure (SUlliven, e d. 1990). A gpheicd densometer wes used to
determine the percentage shade above the dream channd a the upstream and downdtream
theemogrgph dtes. Densometler readings were teken in four directions (facing downdream,
right bank, updsream, and left bank) and then averaged.

Avaage ripaian shading for the monitored RMZ reach was detlermined by teking the meen
of the Depatment of Wildife messurements taken within the monitored reech plus the
measurement made & the downdream dudy dte The Depatment of Wildlife messurements
were made by the same densometer method & 76-meter intervals adong the sream course
The Depatment of Wildife shade messurements were made during the summer of 1989 for
our west dde Stes and during the summer of 1990 for our eest 9de dudy Stes. Avearage
riparian shading was not determined for an extended reach above the RMZ; only the shade a
the upgtream themogrgph Ste was meesured.

Other Characteristics of Study Sites

In addition to deta collected in the field, avalable information on other Ste characteristics
was obtaned. The influence of vaious Ste factors was congdered in evduding BMP
effectiveness. Thee factors ae discussed gte by gte in the case summaries presented in the
fdlowing sedtion. In the discusson section, Ste charadteridics are evauated by grouping
the gtes into categories of efectiveness and comparing Ste atributes within and between the
caegories. A prindple components andyss was used to further explore the rdaionships
between dte chaacteidics tempeaure paamgeas axd BMP dfectiveness Smple linear
regresson was ds0 used to examine corrdations ‘between temperaiure parameters and Ste
characteridics

Stream Gradient

The gradient (in percent) for each dream reach between the upsream and downsgtream
thermograph Stes was edimaied usng devaions obtaned from USGS topogrgphic maps.

Digance from Divide

This is the digance from the upstreem RMZ boundary, messured dong the man dream
channd, to the watershed divide In the headwater portion of the watershed, the tributary
with the grestes digance to divide is messured. Digance from divide was edimated from

USGS topogrgphic magps usng a mgp whed.




Elevation

Elevation is detemined a the RMZ midpoint and a the upstream and downdream
monitoring Stes as interpreted from USGS topographic maps.

Stream Depth

Average bankfull depth is the mean of the Depatment of Wildife stream depth
messurements made within the monitored reech, a intevds of 76 meters dong the streem
course.  These messurements were taken from the plane of the ordinary high waer mak
(Weshington State Department of Wildlife, 1990). In addition to average bankfull depth,
actud waer depth was messured a the thermigtor location (generdly in the thdweg) a the

time of themogrgph deployment and retrieva.

Aveaee Bankfull Stream Width

Aveaage bankfull width is the mean of the Depatment of Wildlife measurements of dream
width made within the monitored reach, as measured between ordinary high water maks a
intervals of 76 meers dong the dream course.

Sream  Azimuth

Sream azimuth was determined usng USGS topogrgphic maps It is the true azimuth of the
generdized dream course, taken dong a lime dravn between the upsream and downdream
monitoring  Stes

RMZ Width

RMZ width is the mean width within the dudy reach. For two-Sded RMZs, it is the mean
width per Sde of the dream. This was determined from the Depatment of Wildlife databese
by taking the average of RMZ width messurements made & 76-mee intavads The average
width of the entire RMZ may be different from the average width within the study reach.
RMZ width messurements made by the Depatmet of Wildife essantidly represant the
width of the leave tree perimeter, ddimited by the ordiiay high water markk and the
agoparent edge of the clearcut or patid cut haves unit. This may dffer from width of the
regulatory RMZ, which has catan redrictions on equipment use timber fdling, ec., ad
which may or may not contan leave trees

Tree Count Information

The Depatment of Wildlife database was usad to obtan an edimate of the average number
of ganding trees > 10 centimeters diameter a breest height (DBH) per hectare withii the
sudy RMZs. The rdaive proportion of conifer and deciduous spedies was determined. The
database was ds0 used to edimae the average totd number of trees per hectare. This is
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reported as average totd stems per hectare, and incdudes dl tree pecies that are a leest
14 mees in haght, regadliess of diange. All tree daa was extrapolated from macro-
plots surveyed by the Depatment of Wildlife & 76-meter intervds dong the stream course

The daabase was d0 used to evduae whether any trees were harvested within the RMZ,
based on the presence of recent (less than five years dd) sumps within the sample plots.

For the purposes of this assessment, harvesing within the RMZ refers to removad  of
merchantable size trees from within the apparent leave tree paimeer. This peimeer marks
the gpoparent boundary between the RMZ (as ddimited in Depatment of Wildlife surveys)
and the adjacent clearcut or patid cut harves unit. Our defermination of whether harvesing
occurred within the RMZ. does nat necessarily indicate whether trees were harvested within
the regulaory RMZ. In fadt, dl or mod trees could be fdled within a portion of an RMZ
beyond the leave tree perimeter as long as ceartain redrictions on eguipment use, etc. were
adhered to. The Depatment of Wildlife survey does not dlow for a definitive determination
of harveding within the RMZ except in cases where a subdantid amount of harvesting
occurred. Obsarvations made during gte vists were usad in conjunction with the databese to
drav generd condugons about whether there was harvesing within the RMZ.

Determination of BMP Effectiveness

The case summaries presnted in the following section indude a detemination of whether
water qudity criteria were excesded, which is the primary tes of whether or not the RMZ is
dfective & achieving waer qudity dandards This determination is based on evdudion of
the monitoring results in condderdion of: 1) the accuracy of the monitoring indruments and
2) whether or nat the monitored period is representdive of criticd water temperature regimes
(.e oconditions asodated with maximum water temperature incresses).

Indrumet  Accurecy

Regarding the fird condderation, the thermographs used are conddered accurate to within
+0.5°C for the purposss of this dudy. This is based on the manufacturer’s accuracy and
revlution oecifications (Unidata Audrdia 1990) and fidd experience with the equipment.

To deemine whether the monitored period is represantative of caritica temperaure regimes,
ar temperaiure records from represantative NOAA weather dations were examined for those
gtes not monitored between July 15 and Augudt 15. Stdions were chosen in condderaion of
ovadl proximity to the dudy Ste devation, and dimae region. The highet two-day mean
of daly maximum ar temperaures that occurred during the dates the dream in question was
monitored was compared to the highest two-day mean that occurred a the same weather
dation during the July 15 to Augugt 15 period for 1990. If the highest two-day meen
occurring during the monitoring period is greaer than 3°C bdow the highest two-day




mean for July 15-Augus 15, 1990, then the monitored period is not conddered
representaive of criticd  temperature  regimes.

Ancther important consderdtion in evaluating late season monitoring results is the solar angle
(i.e degress aove the horizon) rddive to that which occurs in midksummer. This was
evaduated usng a solar ephemeris (Currier, 1980) to determine the goproximate devidion
from the midsummer, midday solar agle for catan lae seeson dtes The midday Oolar
angle has been rdaed to average net lar radiation (in terms of heet flux) by Brown (1970).
Net solar radiation influences the potentid megnitude of dream hedting.

i librium T I

The dagemindion tha monitoring results are not representdive of critical temperature
conditions is equivdent to saying that the sream reech did not reech maximum equilibrium
temperaure during the monitoring peiod. The concgpt of maximum  equilibrium
temperaure refers to the maximum annud temperature that would occur given the dte
conditions unique to a paticular themd reach, and is explained in Qllivan & qal. (1990).
When the maximum equilibrium temperature is reeched, increesed hedt inputs to the Sream
are bdanced with heat loss through evgporation and other processes  Once this point is
reeched, sream temperature would not be expected to increese further even though higher ar
temperaures may occur. Thus it is possble to monitor criticadl dream temperature
conditions & times when ar tempaaures ae bdow the anud maximum.

The maximum equilibium tempeaaure of a paticula dreem may be deemined by
examining plots of summetime ar and water tempedaure to identify the waer temperaure
“caling’ that is not excesded with fludtudions in maximum daly ar temperaue While
equilibrium conditions are goparent on some of our lae season thermogrgph plots, we bdieve
that the equilibrium coud be dhifted higher during midsummer due to higher sola agles ad
subgantidly higher ar temperatures. Therefore, we chose to use the consarvaive
assumption thet criticd conditions were not reeched if ar temperaures were more than 3°C
bdow the anud maximum for dtes monitored ater Augugt 15. It is possble that some of
the dreams we indicate were not monitored during critical conditions may in fact have
reeched thar maximum equilibrium temperaure However, Snce we have no dda on
midsummer water temperatures in these streams, we cannat be cartain thet apparent
equilibrium temperatures we observed correspond to the maximum equilibrium temperatures.

Levels of Cetanty

In some cases our data dearly indicae that temperaure criterion were exceeded. Thee are
cax=s where criteria ae exceeded by > 0.5°C (the accuracy of the thermographs). In other
caxs, it is dear tha catan citaia ae me, such as whae the RMZ or another factor such
as groundwater inflow gopears to have a codling effect on the dream rddive to upsream
conditions,




However, due to the two condderations discussad above, a definitive determination of
whether or not a water qudity criterion has been exceeded is not possble for many of our
dudy gtes Stes whee a ddinitive delermination is not possble due to uncetanties
regarding ingrument performance were judged to represent a “possble’ exceedance for the
purposss of this assessment. Thee indude Stes where the obsarved water temperatures
were within +£0.5°C of the goplicble aiterig or within 1.0°C where the monitaring period
was not representetive of citica temperaure regimes. We consder the BMP to be
ineffective when such possble exceedances can be atributed to forest practices.

Other gtes were judged as “unlikdy” to exceed ariteria because dthough the monitoring
period was not representetive of criticd temperatures regimes, certain gte fectors leed to the
expectation thet criteria would be met even under critical conditions Based on a review of
temperature graphs presented in the data gopendix to Sullivan e¢ d. (1990), we would not
expect a maximum temperature difference of more then 4 to 6°C between lae July and lae
September in dreams with & leest a moderate amount of shading.  We condder the BMP to
be dfective in cases where exceadances are “unlikdy”. And findly, there are dtes where
due to the time of monitoring and the margind naure of the reslts no condusons can be
made regarding wae qudity sandards compliance

An additiond conddeaadion when evduding compliance with the caiteria for dlowable
incremental  temperature change due to nonpoint Source adtivities is the concept of naturd
beckground temperature. In a sense, this represents what the forest maneger designing the
RMZ has as a badine from which to messure paeformance of the RMZ. Idedly, the
besdine from which to messure the incrementd change assodaed with timber harveding
would be the temperature conditions that exiged within the RMZ reach before harveding.
An dtandive to usng a beforeater sudy design, which would require a leest two
summers of monitoring, is to use the updream/downdream gpproach employed in this sudy.
With the updreamydowndream gpproach, we assume that the updream monitoring Ste can
srve as a basdine agang which the dream’s regponse to the RMZ can be evduaed. We
bdieve this assumption is vdid 0 long as the two Stes ae in dose proximity to each other
and the upstream and downdream reaches are Smilar in teems of stream morphology,
hydrology, and pre-haves riparian vegeation.

In this dudy, the upstream and downdream Stes were in dose proximity to each other, such
that any differences in devation, dream orientetion, eic, ae minor and would not afect
dream temperature regimes. In most cases, we bdieve that streeam and riparian
characteridics of the updsream reech are gppropriate to serve as a basdine for evduating the
incrementa increese assodated with the RMZ. However, in four cases there are differences
In sream or ripaian charatteridics tha make the upstream results unsuitable as a basdine
for evduaing incrementd increeses in temperdure These Studions are discussed in the
Cae ummaies

In this dudy, the background temperature is that messured a the updream edge of the RMZ.
The background temperaiure is conddered equivdent to “naturd background” if the
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dreamdde aea for & leest a few hundred meters upstream is covered in rdatively mature
standing timber, even though it may be a sscond-growth dand.

RESULTS

A totd of thirteen RMZs were monitored, induding nine established according to west Sde
RMZ regulations and four edtablished according to et Sde regulaions One additiond eest
S0de RMZ was origindly induded in the sudy, but no ussful data were collected & this dte
due to a data logger mdfunction. The sudy gdte locaions ae shown in Hgure 1, overlad
on a map of ecoregions as given in Omemik (1987). Maps of the individud dudy Stes
showing the harvest units overlad on topogrgphy are presented in Appendii B.

The case summaries that falow provide descriptions of the RMZs sudied and summarize
monitoring results Results and dudy gSte descriptors ae dso presented in Tables 1, 2,

and 3. Line graphs of temperaure monitoring results are presented oppodte each case
summay. These indude hourly maximum ar and water temperature and the water
temperature differentid between the updream and downdream monitoring dtes. The waer
temperaure differentid is bassd on comparisons of the average hourly waer temperaures
(downdream minus updream). Review of hourly temperaure daia shows thet average hourly
wae temperature dosdy tracks the maximum hourly water temperaure. For ar
tempadure, however, the maximum houly vdues ae someimes dightly higher then hourly
avarage vdues The goplicable water qudity criteria are plotted on the line grgphs of weater
tempearaure resllts For the water temparaure differentid, the criteria is dther 0.3°C or
2.8°C, depending on the water temperature of the updreem ste which is assumed to
represent basdine conditions unless othewise noted in the case summaies

11
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TABLE 1: TEMPERATURE BMP EVALUATION RESULTS SUMMARY

RMZ ETREAM HAME | MONITORING | WATER | WATER | ELEVAIION | AVERAGE DALY WEDIAN | DALY ] MEDIAN OF | MAXIMUM | MEDHAN OF—] EXCEEDS WQ CRITERIA?
IDENTIFICATION DATES TYPE | QUALFTY | @ RMZ RMZ MAXIMUM | OF DAILY | MAXIMUM | DAILY MAX. DAILY MAX. DAILY BMP
CLASS | MIDPOINT | SHADE AIR MAX. WATER WATER WATERTEMP. | WATER TEMP. MAXIMUM ALLOWABLE |CONSIDERED]
(METERS) (%) TEMP. ARTEMP, TEMP. TEMP. DIFFERENTIAL | DIFFERENTIAL | ALLOWABLE | TEMPERATURE | EFFECTIVE?
- (CELSIUS) | (CELSIUS) | (CELSIUS) | (CELSIUS) (IN GELSIUS) (N CELSIUS) | TEMPERATURE CHANGE
z —amaemm— === =
TRIBUTARY g3 to 2 A 100 95 -0.1100.8 0.1 UNLEKELY NO YES
TO TRAP CREEK gl2a 15.3-26.3 .8 - | 12.5-138 12.7

12.8-13.9 131

YES UNKNOWN NO

wa BLACK CREEX 7Ha to ) A 80 52 ' 0.910 1.6 14
DOWNSTREAM 7181 17.6-40.9 20,1 15.6-18.8 10.6

POSSIBLY

14.4-28.5 19.9 13.2-16.9 13.8
14,7-25.1 12.4-14.4

" UNLKELY

08111 0.8 UNKNOWN UNKNOWN | UNKNOWN

9j2n 15,0-33.0 23.5 14.8-18.8 15.8
-17.0

03103 -0.1 UNLIKELY NOC YES

9i26 17.0-27.0 2.2 10.9-12.8 1.6
11.0-12.% 1.7

RKNOWN

0.2100.4

SOUTH FORK ‘81 to
DOWNSTREAM | DEEP CREEK af18 23.7-33.1 201 15.7-18.7 . 17.4
UPETREAM _ - 25.8-33.8 30.8 15.1-18.2 17.2
NOTES: .

1) The water temperature differential is based on a compatison of hourly average water temperature values (downstream site minus upstream site).

2} Exceedance of water quality criteria is interpretted as follows: :
"YES": clear evidence of exceedance——at least 0.5 degrees C above allowable criteria;
»POSSIBLY": evidence of lemperature within 0.5 degrees C of criteria, or within 1.0 degree C and monitored period not representative of critical temperature regime;
*UNLIKELY": monitored period not representative of critical temperature regime, but exceadance would not ba expected based on magnitude of increase required to cause
exceedance and/or site factors (e.g. elevation, groundwater inflow rate, etc.).
"NO*: clear evidence that applicable water quality criteria are met:
" UNKNOWN" - data considered inadequate to make a determination-—usually because monitored period is not representative of critical temperature regime and monitoring
results and/or site factors do not indicate an exceedance is unlikely; in the case of temperature change, because upstream site I not a reprasentative baseline
for evaluating temperature change; .
*SUSPECTED*: exceedance indicated by spot field measurements only—upstream thermograph malfuncticned.
3) Regarding site E3-Aonheas Crosk: the downetream thermograph results indicate significant instrument drift occurred after 9/3/90; upstream instrument operated properly
through 8/26/80 and recorded maxumum water and air temperatures of 13.9 and 29.9 degrees C, respectively; only data recorded through 9/3/90 is used for comparison.




TABLE 2: DESCRIPTION OF STUDY SITES

RMZ STREAM RMZ RMZ2 WIDTH: % RIPARIAN ELEVATION | STREAM [ DISTANCE| AVERAGE] AVERAGE WATER STREAM | DISCHARGE
IDENTIFICATION NAME LENGTH |AVG. & RANGE| SHADE: - AT GRADIENT] FROM JBANKFULL[{BANKFULL] DEPTH® ORIEN- (LITERS/
(METERS) | EACH SIDE AVG. (RANGE); [ THERMOGRAPH| () DIVIDE | CHANNEL | GHANNEL | THERMOGRAPH| TATION SECOND)
(METERS) |AT THERMOGRAPH SITES (KM) WIDTH DEPTH SITES AZIMUTH
SITES (METERS) (METERS) | (METERS)| (METERS) {DEGREES)
e e —————
wit TRIBUTARY 612 15.2 95 (80-99) 8.0 2.4 0.18 343
DOWNSTREAM | TO TRAP CREEK {6.1-24.4) 99 73 2.2 0.16 7.9
UPSTREAM a7 122 1.8 4 48

ws  |BLACKCREEK 825 4.0 52 (20-99) ‘ 1.2 37 0.55 244
DOWNSTREAM (7.6-24.4) 46 75 28 0.19 13.3

UPSTREAM 8 l...%e 20 0.18
W

w5 174 82 (16-90)
DOWNSTREAM |OHOP CREEK (4.0-30.1) 85 415 0.18 89.5
o2 . L s

E w7 NEW POND CREEK 820 14.3 T7 (25-98) 4.5 49 0.18 259
DOWNSTREAM _ (7.6-30.1) a2 585 5.2 0.20 45.0

UPSTREAM - 79 622 44 024 _ 458

137 79 (20-09)
DOWNSTREAM (7.6-24.4) 82 157 5.1 0.14 43
UPSTREAM - s 160 45 0.18 5.1

58 | 3.1 23
741 10.1 0.20 176
777 _ 0.5 0.17 NO DATA

ROGK GREEK 815

DOWNSTREAM
UPSTREAM
ES:

 DOWNSTREAM
(UPSTREAM

E4 SOUTHFORK | 475 e 71 (50-80) ' o 23 | 1 70 | esr | o 32
DOWNSTREAM |DEEP CREEK {6.1-19.8) 83 634 89 0.24 60+ (est.)
UPSTREAM 5 645 g4 027 NO-DATA
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UPSTREAM

TABLE 3: ADDITIONAL INFORMATION ON STUDY SITES

wa
DOWNSTREAM
UPSTREAM

DOWNSTREAM
UPSTREAM

DOWNSTREAM
UPSTREAM

DOWNSTREAM
UPSTREAM

DOWNSTREAM
UPSTREAM
DOWNSTREAM

E4
DOWNSTREAM
UPSTREAM

| @RIFFIN CREEK

SOUTH FORK
{OHOP CREEK.

NEW POND GREEK

SOUTH FORK
DEEP CREEK

T18N/R7W/
817

T17N/RSE/
821

T18N/RTE/

532833 |

T3EN/RATES |

s29

CLEARCUT
60,7

68.0

194
CuUT
4.1

PARTIAL

3/82 10
1/89

12/88 to
4/89

9/88 to

7/89

8739

8/8910
8/90

ONE-SIDED

ONE-SIDED

ONE-SIDED

PRE-TFW CC

W/ SPARSE SMZ

STANDING TMER

& RANGELAND WI
SPARSE TMBR

B
SLOPE, RANGELAND)

RECENT CC

RECENT GG
W/ AMZ

PRE-TFWCG

| STANDING TMBR

SCREE

168
{72%/289%)

0
(51%/49%)

(52%/48%)

(20%6/809%)

73
(16%/84%%6)

70
{1296/88%)

RMZ STREAM LOCATION HARVEST APPROX. PNE OR TWO| STAND TYPE UPSTREAM TREE COUNT ]
IDENTIFICATION NAME {TIRIS) TYPE HARVEST|SIDED RMZ OTHER SiDE STAND TYPE {>10 ¢m DBH APPARENT
&SIZE DATE per HA) HARVESTING
(HECTARES) {% Conl46 Hw) Wi RMZ
w1 TRIBUTARY Ti2N/REW/ | CLEARCUT | 3/88to | ONE-SIDED 19 YR OLD STANDING TMBR, 280 NO
DOWNSTREAM | TO TRAP CREEK 812 47.0 7/88 PLANTATION 5 YR PLANT.. {306/9706)
REAM

YES




W1: Tributary to Trap Creek

This RMZ is locaed in centrd Pedific County dong a type 2, Class A dream.  Across from
the onesded RMZ is a ten year dld Douglas fir plantation, with no RMZ, but with a thin
drip of dder oversory dong the streem. Upstream of the 612 meter RMZ, mature second-
growth timber provides rdatively dense riparian cenopy cover for approximetey 300 meters
on the ees 9de of the dream. Across from the second-growth, a young plantation covers
the uplands west of the dream. Updream of this the dream branches into severd headwater
tributaries traverang recent dearcut, with no RMZs.

Tributary to Tragp Cresk was one of the lagt dtes monitored, with thermographs deployed
from September 13 to September 29, 1990. Nether the upstream or the downstream site
exceeded the water qudity sandard maximum of 18.3°C. In fadt, maximum daily
temperatures did not exceed 14.0°C duing the monitaring period. The maximum daly
water tempearaure differentid (downstream minus upstream) ranged from -0.1 to 0.6°C, ad
much of the time the differentid wes less then zero (i.e the updream dte was warmer).
Compaisons between maximum daly ar temperaures for the monitored period and the
July 15-August 15 peiod a the nearby Raymond weether dation (located about

17 kilometers northwest) indicate that the monitored period does not represent critica
temperature  conditions. The highest 2-day average for the monitored period was about 4°C
lower then that for the July 15-August 15 period.

It is unlikdy that the maximum dlowable citerion of 18.3°C would be exceeded even under
criticd summer temperaure conditions, as this would require an increese of aout 5°C from
the maximum obsarved temperaure With an average shade levd of 95%, such an increase
sams unlikdy. Also, with this reaivey wide highly sheded RMZ, the harvest probably
did not remove any goprecidble amount of shede from the dream. We condder the BMP
efective in this case Bassd on the maximum water temperaure differentids obsarved, we
concdude that this RMZ is ds0 efedtive @& meding goplicdble water qudity sandards
pataning to incrementd change The primary factors contributing to BMP effectiveness are
the high levd of shede within the RMZ and a rddivdy high rate of groundwater inflow.
The esimaed dreamflow a the downstream thermogrgph Ste was aout 1.6 times that & the
updream dte, and there were no surface tributaries between the Stes.
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W2: Tributary to Pioneer Creek

This onedded RMZ is located in southern Grays Harbor County on the west Sde of a

type 3, Class A dream. Land on the eest dde of the dream is in mature second growth
timber. Updream of the RMZ, there is maure second growth timber in the riparian zone
and on the uplands et of the sream; on the uplands west of the dream there is a 20 year
plantation for a dream didance of about 350 meters, with mature sscond growth upstream of
that. In some spots the RMZ was less then the minimum required width of 7.6 meters and
contained a rddivdy spase number of leave trees. Judging from the Depatment of
Wildlife database and field observations, there may have been a minor amount of harveding
within the RMZ.  Within the dudy aea this tributary to Pioneer Crek is a rddivey wide,
low gredient dream traverang a wetland, with severd beaver dams and a saries of
moderately degp pools.

Tributary to Pionear Cresk was monitored from July 19 to August 7. Due to equipment
mdfunctions, the updream thermogrgph did not produce useable data, SO no comparisons of
hourly temperature differentids can be made However, based on fidd checks using
mercury thermometers, the upstream Ste was 4 to 6°C cooler a the time of thermograph
deployment and retrieval.  Conseguently, it is suspected that water qudity criteria goplying
to incrementd increeses in temperdure were exceeded a@ this RMZ. Maximum daly water
temperaure a the downdgream dte ranged from 14.3 to 18.2°C, and temperaures
goproached or exceeded 18°C on five of ningteen days. Since themographs are conddered

accurae to + 0.5°C, these findings represent possible exceedances of the 18.3°C water
qudity citerion.

This RMZ presription is congdered ineffective a preventing adverse dream temperaure
incresses. Although the wide dream channd may limit the effectiveness of dreamdde
shading in some spots dong this RMZ, we bdieve that leaving more shede trees andlor a
wider RMZ on the wes dde of this dream may have provided additiond afternoon shede
sufficient to meat water qudity criteria  The unharvested reach updream of this RMZ is dso
characterized by condderable beaver activity with wide pools and yet it is a good ded
cooler based on our fidd checks. We noted condderably more woody vegetdion in the
updream resch than in the RMZ, which coud more dfedtivdy shede the dream. The
combination of rdaivdy low devaion and the low gradient/beaver influenced Sream
morphalogy result in a Stuation tha may be highly sendtive to removd of even minor
amounts of riparian dhade (eg. lage trees andlor nonmerchantable woody vegeation).
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W3: Black Creek

This one-sided RMZ islocated in central Grays Harbor County, along the south side of a
type 3, Class A stream. Land on the north side of the stream isclearcut with reproduction
less than five years old and a narrow zone of riparian overstory vegetation left under pre-
TFW regulations. Upstream of the RMZ are more recent clearcuts with, slightly wider and
aopaently more dense ripaian zones. Although the Depatment of Wildife sampling data
does not show alarge amount of harvesting within the leave tree perimeter, we observed
severa recent stumps during field visits. ThisRMZ had the lowest density of standing trees
of dl the study gStes. Some portions of the RMZ were completdly devoid of shade trees

Temperature conditions in this: RMZ were monitored from July 18 to July 31. The water
quaity criterion for maximum temperature was exceeded on seven of twelve days a the
downstream gte and three days a the upstream sSte. We ae not able to determine whether
the criteria for incrementad increase are exceeded. Daa from the upstream monitoring Ste
canot serve as a basdine for evauaing the temperaiure change associated with harvesting
the study unit in this case. This is because the riparian conditions of the upstream reach are
not consdered representative of pm-harvest conditions for the downstream reach. If the
upstream gSte were consdered representative of baseline conditions, the criteria for
incremental increase would have been exceeded on three of 12 days, as shown on the plot on
the facing page. Since there was danding timber on the south side of the stream, we believe
pre-harvest conditions may have been somewhat cooler than the observed background.
Although background conditions in this case represent sgnificant disturbance by clearcutting,
the upstream Ste was within water quality standards 50% more often than the downstream
dte. The observed increase occurred despite the influence of groundwater inflow in the

monitored reach, as indicated by a 72% increase in discharge between the upstream and
downstream  gites.

This RMZ is not effective a mantaning stream temperaiure within water quaity standards.
BMP ineffectiveness is primarily attributed to the combination of low eevaion and low
dream shading. A severely disturbed riparian zone across from the study RMZ isa
significant factor in the overall midstream shade level. However, leaving additional shade
within the study RMZ on the south side of the stream (e.g. awider RMZ with no removal of
shade trees) may have provided sufficient temperature protection. If the stream was aready
exceeding criteria before harvest, then the only way for the BMP to-be effective would have
been to ensure that no stream shading was removed by the harvest.
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Wd: North Fork Rabbit Creek

The two-sided RMZ along North Fork Rabbit Creek islocated in western Mason County.
North Fork Rabbit Creek isatype 3, Class AA stream. The area upstream of the RMZ isin
mature second growth timber on both sides of the stream for at |east 600 meters. The stream
is aggraded within the lower portion of the RMZ. Riparian shade was observed to be sparse
in a couple of locations, dthough this is not reflected in the Depatment of Wildlife
measurements.  RMZ length isgiven in Table 2 as 385 meters, but the downstream
thermograph  was origindly indalled a 440 meters. After the initid inddlation of the
thermistor in flowing water about 0.1 meter deep, the downstream site went dry. It was
relocated to a dte with steady ‘flow as soon as the problem became evident. The initid
deployment was on August 6, with the downstream thermograph relocated on August 15.
Data recorded before the relocation is not used for evaluation of BMP effectiveness.

Weather between August 15 and 31 is not conddered representative of criticd temperature
conditions. Maximum air temperatures recorded at the RMZ between August 6 and 14 were
about 12°C higher than the period afterwards, and these higher air temperatures were
associated with increased water temperatures at both thermograph Stes. Despite having less
than critica conditions, the water quaity criterion for maximum temperaiure was exceeded a
the downstream monitoring Ste on 14 of 15 days. Maximum water temperaiure exceeded
19°C at the downstream site. The water temperature differential between the upstream and
downstream sites exceeded 3°C on most days, ranging as high as5.2°C. Streamflow
edimates indicate that North Fork Rabbit Creek is a losng sream in this reach; discharge
esimated a the downstream Ste was about haf of that a the upstream ste It islikely that
loss of dtreamflow, or more importantly, the lack of groundwater inflow within the study
reech, has a dgnificant influence on dream temperature in the lower portion of the RMZ.

The BMP is consdered ineffective in this cae. We believe that a wider RMZ and/or
retaning dl shade trees within the RMZ would have provided additiond temperature
protection.  We do not know wha pre-harvest water temperatures were in the lower reaches
of thisRMZ, but it islikely that they were elevated relative to the upstream site because of
the flow loss. Insuch asituation, the only way to ensure BMP effectiveness would have
been to design the RMZ so that the pre-harvest level of shade was maintained. Due to the
obvious flow loss in the lower portion of the RMZ, the upstream data is not representative of
pre-harvest conditions within the RMZ reach. Therefore, we cannot determine whether the
criteria for temperature change have been exceeded as a result of the harvest.
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WS5: South Fork Ohop Creek

This one-sded RMZ is located in centrd Pierce County aong South Fork Ohop Creek,
whichisaClass AA, type 3 stream. The land across from and upstream of the harvest unit
is covered in mature standing timber.

This creek was monitored from August 24 to September 12. This period is not considered
representative  of criticd  temperature  conditions.  The highest two-day average air
temperature for this period was 8°C lower than the maximum recorded at the Mud Mountain
Dam weather oation, about 19 kilometers to the northeast. In terms of the effectiveness of
the RMZ a achieving water qudity criteria it is possble that the criterion for maximum
temperature may be exceeded for this Class AA stream. Maximum observed temperature
was within 0.4°C of the criterion on one day and within 0.6°C on two additional days.
Congdering instrument accuracy, this indicates possible exceedance of the maximum
temperature  criterion. It is adso conddered possble that the criteria for incrementa increase
in temperature would be exceeded a this Ste under criticd temperature conditions. The
observed average hourly temperature increase between upstream and downdream  monitoring
siteswas within1,0°C of the2.8°C criterion on four of 19 days.

For the purposes of our evauation, this RMZ is conddered ineffective a meeting water
quaity sandards. The primary gte factor contributing to BMP ineffectiveness is the leve of
mid-channel  shade that remained following harvest. Although the average shade level isa
moderately high 82%, some portions of the RMZ had very low shade. The water quality
dandards classfication is an administrative factor that influenced the determination of BMP
effectiveness in this case. If thiswereaClass A stream, no exceedances of the maximum
temperature criteria would be indicated, and the BMP might be considered effective.
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W6: Bear Creek

The two-dded RMZ dong Bear Creek (Class A) is located in north-centrd Pierce County.
The 30-acre harvest unit was a salvage cut of a second growth timber stand that had blown
down during a winter storm. Both standing and downed trees were harvested. Upstream of
the harvest unit for a least 600 meters the land on both Sides of the stream is covered in
mature standing timber. The Department of Wildlife survey noted a Sgnificant amount of
harvesting withinthe RMZ. Under an aternative plan approved for this harvest, all

dominant and some codominant timber was removed from the east (leeward) side of the
dream, while al nonmerchantable, deciduous, and most codominant timber was left within a
25 ft. RMZ on the west side. The reasoning for the alternative plan was the high probability
that timber left in the RMZ would blow down, and that timber on the east side of the stream
would not contribute large organic debris (LOD) if downed because of the wind direction.

The temperature conditions in Bear Creek were monitored from August 31 to September 21
This period was not representative of critica temperature conditions. The highest two-day
average air temperature during this period was 8°C cooler than the highest mid-summer two,
day average at the Mud Mountain Dam weather station, about 5 kilometers north of the site.
The maximum temperature at the downstream thermograph was within 0.8°C of the18.3°C
criterion on two consecutive days which correspond to the period of highest recorded air
temperature.  In the absence of criticad temperature conditions, and in congderation of
indrument accuracy, this indicates a possble exceedance of the maximum temperature
.criterion. During this same period, the maximum daily water temperature differential
reached 2.8°C on three consecutive days. However, for this RMZ the data from the
upsiream monitoring Ste are not consdered representative of pre-harvest conditions for the
sudy unit because of the blowdown dtuation that existed prior to harvest/savage.

Therefore, we cannot determine whether the criteria for temperature change are exceeded.

This RMZ is not conddered effective a achieving water qudity standards. The primary
factor contributing to BMP ineffectiveness is the low level of riparian canopy closure. The
blowdown resulted in considerable amounts of LOD within the RMZ, which has the potential
to shade the stream, but this type of shade is not reflected in the densometer measurements.
Harvest of standing trees within the RMZ, including intense harvesting on one side, has
probably limited the effectiveness of the BMP. Even though overstory shading was reduced
as aresult of blowdown, the remaining dominant and other trees could have provided more
shading, either as standing trees or possibly LOD in the event of future windthrow.
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W7: New Pond Creek

This onesided RMZ on New Pond Creek (Class A) is located in north centrd Pierce
County. The area opposite the study RMZ and upstream to the headwaters appears to have
been clearcut harvested prior to the TFW RMZ regulations. However, the watershed on the
same dde and upstream of the study RMZ is mature second-growth for a distance of about
400 meters.

This site was monitored from September 21 to October 4. The highest two-day average air
temperature recorded during this period a the Mud Mountain Dam weather dation

(5 kilometers north of the study Ste) was 4°C below the maximum summertime two-day
average. The solar angle during this period is also considerably lower than during mid-
summer. Consequently, the datais not considered representative of critical conditions. The
maximum daly water temperature recorded a the downsiream monitoring Ste ranged from
9.6 to 13.4°C. The maximum daily water temperature differential ranged from 0.9 to
1.2°C, with a medii value of 0.9°C.

The BMP is considered effective in this case.  The creek did not exceed the maximum water
quality criterion of 18.3°C, and it is considered unlikely that it would exceed this

temperature under criticdl conditions, given the relaively high eevation of this reach and the
large temperature increase that would have to occur to exceed the criterion. Although an
increase in water temperature through the RMZ was observed, it is considered unlikely that
the criterion for maximum dlowable temperature change would be exceeded during critical
temperaure regimes a this Ste because of its relatively high eevation.
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W8: Tokul Creek

This two-sided RMZ along Tokul Creek islocated in north-central Ring County. Tokul
Creek isatype 2, Class A stream. Upstream from the RMZ the land is in mature standing
timber for several hundred meters. The stream reach above and through the study RMZ has
condderable beaver activity, resulting in large pools dternaing with braided Sream
segments.  Thereisagood deal of open water in some segments impounded by beaver dams.
Shade levels within the RMZ varied widdly, with some portions completely devoid of shade
trees.  In the undisturbed reach above the RMZ, we observed more nonmerchantable woody
vegetation than was present in portions of the RMZ. It appears that some areas of
nonmerchantable vegetation were cleared within the RMZ to accommodate hi-lead cable
logging systems. Tokul Creek has the highest discharge of all streamsin this study, and
discharge estimates indicate a dight increase in flow between the upstream and downstream
monitoring  Stes.

The study reach was monitored from August 13 to August 30. This period is not considered
representative of criticd conditions. The highest two-day average ar temperaure during the
monitoring period was8.5°C below the highest two-day average for the summer, based on
records from the Snoquamie Fals weather dation 12 kilometers south of the study ste. We
recorded a maximum water temperature of 18,9°C on one day at the downstream monitoring
site, which exceeded the water temperature criterion. A maximum temperature of 18.1°C
was recorded on another day. Maximum water temperature recorded a the upstream
monitoring site was 175°C. Based on these results, the BMP is not considered effective at
meeting weter qudity standards for maximum temperature. In the case of thislow gradient,
moderately low elevation stream, it may be that the only way for the RMZ to have been
effective would have been to design it such that no stream shading was removed, retaining
any large trees and all nonmerchantable woody vegetation that provided shade. We believe
the criteria for maximum water temperaiure change may be exceeded a this RMZ as wall.
The upstream site was within 0.5 of 18.0°C once during the monitoring period. When the
upstream sSite, which is essentidly under natural conditions, reaches this level the criterion
for dlowable change becomes 0.3°C. This temperature change was consistently exceeded
during the monitoring period, even though it was not representative of criticd temperature
conditions.
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W9: Griffin Creek

Griffin Creek isatype 2, Class A stream with aone-sided RMZ. Land on the opposte Sde
of the RMZ isin standing timber, asisthe area upstream for at |east 6({) meters. The area
upstream of the RMZ also has beaver ponds and associated wetlands, with some open water
segments.  The beaver activity extends through the upper portion of the RMZ, but the stream
is freeflowing in the lower portion.

Griffin Creek was monitored from September 11 to September 29. The maximum two-day
average ar temperature a the nearby Snoquamie Fals weather gdation during the monitoring
period was 4.5°C below the maximum two-day average for the summer. Perhaps more
important, the midday solar angleis approximately 15-20 degrees lower during late
September than it is in mid-summer. Therefore, the results are not considered representative
of criticadl temperaiure conditions. We did not observe any exceedances of water quality
criteria during the monitoring period. Due to the lateness of monitoring a this ste,

however, we cannot determine whether the RMZ is effective a maintaining water
temperaiure within the maximum criterion of 18.3 degrees.

Likewise, while we observed that the upstream gte often had higher water temperatures than
our downstream monitoring Ste, we are unable to determine whether the criteria for
temperature change are met. Thisis because the upstream site is not suitable as a baseline
for evauating temperaiure change associated with the harvest in this case. Griffin Creek has
condderable beaver activity which has resulted in large, deep pools dternating with braided
stream segments upstream of and in the upper portion of the study RMZ. However the
sream and riparian zone are condderably different in the lower 200 meters of the RMZ.
The dream is free-flowing and the canopy generaly closes over the stream in this lower
portion. Because of these differences, the upstream Ste is not representative of pre-harvest
conditions a the downstream site, and the temperature differentiadl observed does not reflect
the temperature change associated with the timber harvest.
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El: Indian Creek

This two-sded RMZ is located in southwest Klickitat County, approximately 2 kilometers
northeast of the town of Husum. In addition to ahigh riparian shade level, the stream is
topographically shaded by a high south bank in the upper portion of the RMZ. The harvest
unit was partial cut to the north of the creek, and clearcut to the south. The area above the
monitoring Ste is in danding timber with scattered residentid  dwellings.  Discharge
edimates indicate a dight loss of flow between the upstream and downstream monitoring
dtes. During field surveys, we discovered a 15 centimeter diverson pipe about 240 meters
upsream of the downstream thermograph ste. Because of this surface flow diversion, it is
unclear whether this is a ganing or loosing reach with respect to groundwater.

Indian Creek was monitored from August 19 to September 5. During this period the
maximum water temperature criterion of 18.3°C was exceeded eight times a the downstream
thermograph site. These exceedances occurred during a period which may not be
representative of the critical temperaiure regime for this sream. Examination of westher
information from the Mount Adams Ranger Staion's weather dation, located approximately
20 kilometers north-northeast of the study site, indicates that the maximum two-day average
air temperature occurring during the monitoring period was 55°C lower than the highest
mid-summer two-day average.

We believe tha the exceedances noted do not reflect ineffectiveness of the BMP. Shade
levels are consistently high withii this RMZ, and the average width of the RMZ is over 26
meters. ' In fact, this was the widest RMZ in the study. It is unlikely that any substantial
amount of additional shade could have been left in this casein order to achieve water quality
standards. In terms of the criteriafor temperature change, although the downstream site was
warmer than the upstream site, there is no evidence that this increase was caused by the
timber harvest. Thewater withdrawal may have an influence on the temperature sensitivity
of this stream reach.
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E2: Rock Creek

This RMZ is located in northern Yakima County approximately 300 meters downstream from
the Mount Baker-Snoquamie Nationd Fores boundary. Rock Creek isatype 3, Class A
stream. The RMZ is one-sided (southeast side), and the harvest was a partial cut. The
opposite side was partial cut many years ago and is mostly open range land with sporadic
large pines. The area upstream of the RMZ is composed of bare rock (scree) dopes,
rangeland, and sparse timber. Portions of the RMZ are characterized by a dense growth of
willows and other woody vegetation, resulting in arelatively high stem count

(1161 stems/hectare) .

Rock Creek was monitored from September 6 to September 25. Water qudity standards
were not exceeded during the monitoring period. The upstream site usually had higher water
temperatures than the downstream dgte, indicating that this RMZ (and/or another factor such
as groundwater inflow) has a cooling effect on Rock Creek. However, air temperatures
indicate that the critica temperature regime was not tested during this monitoring period.
The highest two-day average ar temperature for the monitored period was about 5°C beow
the summer maximum, based on Cle Elum westher dtation records. However, it isunlikely
that this high elevation gte with dmost complete canopy closure would exceed the Class A
criterion of 18.3°C even under criticd conditions. In order to exceed the criterion,
maximum water temperatures would have to increase by over 5°C over our observed
temperatures.  Even if the criterion were exceeded, the high average shade level (99%)
indicates that the harvest had little if any impact on sStream temperaiure. We consider the

BMP to be effective in this case. The dense woody vegetation is an important factor
influencing the effectiveness of the RMZ.
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E3: Aeneas Creek

The two-sided RMZ along Aeneas Creek (Class AA) islocated in central Okanogan County.

Thisisapartia cut harvest unit. ‘ There is mature standing timber for at least 600 meters
upstream of the study reach.

This site was monitored from August 29 to September 26. However, instrument drift was a
problem with the water thermistor at the downstream site after September 3. From

August 29 to September 3, Aeness Creek did not exceed water qudity criteria However,
the highest two day average air temperature recorded at the Tanasket weather station (about
28 kilometers northwest of the dte) during the August 29 to September 3 period was 12°C
below the highest mid-summer two day average. This indicates a substantial deviation from
critical temperatures for this area. Therefore, it is unknown whether the conditions within
this RMZ meet ether criterion of the water qudity standard.
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E4: South Fork Deep Creek

This one-sided RMZ is associated with a partial cut unit in northern Stevens County on the
west side of South Fork Deep Creek, atype 1, Class AA stream. The land opposte the
RMZ isin standiig timber within the riparian zone, changing to rangeland with sparse

timber on the uplands. There is standing timber upstream from the study reach on both sides
of the stream for about 300 meters. Above this, the south side of the stream isin standing
timber, while land on the north side is partially cut for a distance of about 300 meters, with
danding timber above that. The amount of Streamside woody vegetation was the highest of
dl 13 dudy Stes (average of 2618 stems per hectare).

Monitoring took place from August 1 to August 16. The Class AA maximum allowable
water temperature criterion (16.3°C) was exceeded on 12 of the 15 days a the downstream
siteand 11 days at theupstream Site. The maximum daily water temperature differential
(downstream minus upstream) ranged from only 0.2 t00.4°C. However, on days when the
upstream temperature (assumed to represent natural conditions) exceeded 16.0°C, the
criterion for maximum allowable change due to timber harvesting would be 0.3°C. This
criteria was dightly exceeded on four days.

Since we do not know wha the stream shading conditions or temperatures were before
harvest, we do not know whether |eaving additional shade over the stream would have been
possble in order to ensure that sStream temperature did not increase through the RMZ.
However, the observed increases are small enough to be accounted for by factors other than
riparian shading or timber havesting, such as a change in channd characteristics or
measurement  error.  Therefore, we do not attribute exceedances of the temperature criteria to
a lack of BMP effectiveness. This RMZ is considered effective because it does not appear
that the harvest caused an increase in water temperature.
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DISCUSSION

In the previous section, the factors influencing BMP effectiveness were discussed in the
context of individua case summaries. In this section, the collective data set is anadyzed
usng three approaches to evauate the influence of various factors on the effectiveness or
ineffectiveness of the BMPs (i.e. RMZ regulations) as implemented a the study gtes First,
the study gStes were grouped according to BMP effectiveness and examined for influences
that the overal setting of the harvest units or any Ste-specific anomdies may have had on
RMZ effectiveness. Second, a principle components anaysis was used to explore
interrelationships  among the various factors. And findly, we examined correations between
certain dte variables and temperature parameters using scatter plots and linear regressions.
This included an evauaion of physicad gte factors which conceptualy have a direct or
indirect influence on the physics of dSream hedting. For a more in-depth discusson of such
factors and theory regarding stream heating in the context of a larger forest stream data s,
see Sullivan et a. (1990). The current study examines many of the same factors with the
limitation of asmaller data set, but witb the advantage of an additional parameter: the
temperature change that occurred across the RMZ.

Study Site Comparisons

In terms of BMP effectiveness, the study Stes were categorized in one of two ways. 1) Stes
where the BMP was judged to be effective at achieving water quality standards; and 2) sites
where the BMP was judged to be ineffective at achieving water quaity standards. Thefirst
category includes Tributary to Trap Creek, New Pond Creek, Indian Creek; Rock Creek, and
South Fork Deep Creek. The second category includes Tributary to Pioneer Creek, Black
Creek, North Fork Rabbit Creek, South Fork Ohop Creek, Bear Creek, and Tokul Creek.
Aeneas Creek and Griffin Creek were not included in the above categories because no
determination was possble regarding compliance with temperature criteria The dtudy Site
compaison is summarized in Table 4.
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Sites Where The BMP Was Effective

Common characteristics among Stes where the BMP was effective are high eevation and/or
high shade, relatively wide RMZs (in three cases) and high gradient streams. The réédivey
high gradient of these streams (ranging from 2.3% to 8.096, with four of the five Streams
exceeding 35%) results in channd morphology which generdly lacks dow, deep pools.
High dream gradients may be relaied to relaively short residence times for water within the
RMZ. Although four of the five RMZs in this category were one-sided, we do not believe
that this is an important factor in BMP effectiveness since in each case the other Sde had a
disturbed riparian zone due to previous land management.

Three of thefive effective RMZs were above 600 metersin elevation. The two low
elevation RMZs in this category both had high average shade levels (95%). Also, in the case
of Tributary to Trap Creek, the substantial proportion of groundwater inflow probably
influenced BMP effectiveness. TheRMZs along Tributary to Trap Creek, New Pond Creek,
and Indian Creek were wider than the average in thisstudy. Whiiethe RMZ on Rock Creek
was the narrowest in the study (average width 8.8 meters), a dense growth of woody
vegetation effectively shaded the dream. All three of the east side, partial cut RMZs for
which we were able to determine BMP effectiveness are in this category.

Stes Where The BMP_Was _Ineffective

The sx gtes where the BMP was judged to be ineffective share certain characteristics which
appear to have a drong influence on observed temperature conditions. Four of these sStes
were relatively low elevation (80 to 245 meters), while two were moderate eevation Stes
(425 to 465 meters). Average mid-channel shade was low to moderate (23% to 67%) in four
of the six sites, while it was moderately high (82% to 91%) at the other two. The latter two
dtes are didtinctive in that both ae Class AA dreams with more stringent temperature
criteria. We believe that both of these stes could have benefitted by leaving more shade.
Although the average level of shade was moderately high at these two Class AA sites,
portions of the RMZs were fairly open. Three of the gStes in this category had relatively
narrow RMZs. Average RMZ width at all six sites was above the minimum and, at all but
one dudy reach, below the maximum specified by the BMP. Inall but one of the six,
portions of the RMZs were very narrow (four meters or less) according to the Department of
Wildlife  measurements.  All sx of the dtes where the BMP was ineffective are west sde
RMZs associated with clearcut harvest units.

Among the six sites where the BMP was judged to be ineffective are three low gradient
sreams (0.6 to 1.2%). Two of these had consderable beaver activity resulting in wide, deep
pools with some open water segments. Even with these two, however, we believe that
additiona temperature control from shading would have been possble. Thisisbased in part
on observed background temperature conditions, in both cases the unharvested reach
immediately upstream of the study RMZ had smilar beaver activity and sSream  morphology,
yet cooler temperatures. We observed consderably more woody vegetation in these
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undisturbed upstream reaches, which we believe can be important in providing effective
shade. This contrasted with the more open appearance of the RMZs. Clearing of
nonmerchantable woody vegetation to facilitate certain logging systems may be an important
factor influencing temperature control on beaver streams and other sengtive streams.

The ineffective BMP category includes the deepest stream channdls, based on average
bankfull depth. There are three one-sided and three two-sded harvest units in this category.
Two of the one-sided harvest units had standing timber on the opposite bank, a situation
which would be expected to ameliorate increases in stream temperature associated with the
timber harvest. With Black Creek, forest practices on the other sde of the stream probably
limited the effectiveness of the RMZ, as the riparian vegetation was rather sparse opposite
thestudy RMZ. One of the dtes in this category had consderable blowdown before the unit
was harvested. Thissite also had a substantial number of trees harvested within the RMZ,
due to perceived risk of future windthrow.

For dtes in the ineffective category, we believe that increased levels of podt-harvest shade
would have enhanced BMP performance, resulting in achievement of water quality standards.
In cases where the stream is highly temperature sensitive (e.g. North Fork Rabbit Creek), the
only way for the BMP to be effective at achieving water quality standardsisto ensure that
the timber harvest does not remove any shade that provides temperature protection for the
dream. There are two possble ways that the level of shade a sendtive Stes can be
maximized to the degree necessary for temperature protection: 1) leave a wider RMZ, or

2) do not harvest shade trees or othewise remove vegetative shade within the RMZ.  For all
but two of the gtes in this study where additiona temperature protection is caled for, there
was no evidence that a substantial number of trees were harvested from within theRMZs, In
these cases, we believe awider RMZ, and/or retaining all non-merchantable woody

vegetation, could have been a more effective BMP. Depending on local topography and the
compogtion of the riparian canopy, the crowns of tal trees outsde of the RMZ perimeters
can potentidly provide stream shading. In some cases where awider RMZ is needed to
retain stream shading, we believe it may need to be wider than the maximum width specified
in the Forest Practice Rules for west sSde RMZs.

In four of the sx dtes where the BMP was ineffective, dte specific anomaies (eg. beaver
activity, dgnificant loss of flow) were primary factors in the performance of the BMP.
Foret managers should recognize that the proposed new TFW temperature method
(Doughty, et al., 1991) is not desgned to directly address such site specific anomalies.
However, the proposed method for identifying temperature senstive streams and designing
RMZs does take into account two of the most important factors influencing the overdl
temperature regime of forest dreams. gte eevation and post-harvest shade.

Influence of the Waer Ouditv  Standards Classfication

In a least one of the thirteen study dtes (Ohop Creek), the water quaity standards
classfication is an adminigrative factor, influencing the determination of BMP effectiveness.
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The current system of determining the standards classification is based largely on ether land
ownership and land use or the classfication of downstream waters. For example, sreams
are Class AA within the boundaries of National Parks and National Forests, and then become
Class A downstream of such boundaries. Elsewhere, a stream is Class AA if itisa
tributary to alake or another waterbody which has been specifically classified as AA. While
this classfication system is approprigte for designating beneficid uses and assgning certain
water quality criteria, it is not aways meaningful for the purposes of assigning stream
temperature criteria. The result is temperature criteria which in some cases are not
representative of the naturd temperature conditions of streams.

From the dandpoint of the physica factors influencing stream temperature, a more
appropricte way to classfy dstreams for temperature criteria would be a system that accounts
for differences in ambient ar temperature, groundwater inflow, and channel characterigtics
which affect the physics of heat gain and loss in a stream under naturad conditions.  For
examnple, a classfication system based on a combination of elevation, stream order, and
ecoregion might be appropriate. Elevation would account for ambient ar temperaure
regimes, while sream order would address the physicd dimensions of a stream (which in
turn affect its response to heat inputs and the effectiveness of riparian shading). Stream
order may also relate in agenera way to the relative proportion of groundwater inflow. An
ecoregion gpproach could account for differences in climate and hydrology.

The current classfication system, while not adways consstent with naturaly occurring
temperature conditions, establishes criteria which are intended to be protective of beneficid
uses. The criteriarecognize that natural conditions may result in temperatures above tbe
criteria, and in such cases allow essentially no increase due to human activity. This system
resultsin a higher performance standard for BMPs in certain drainages. The intent of the
classfication system is to provide an adequate level of protection for downstream Class AA
dreams or lakes potentialy affected by the pollutant loads of their tributaries. While it is
important to provide an extra measure of protection for downstream waters where
consarvative pollutants are concerned, stream  temperature in forested areas is primarily
influenced by locd environmentd conditions (including those immediately upstream) which
control  the therma  equilibrium.

Principal Components Analysis

A principal components analysis(PCA) was used to evaluate rel ationships among the study
sites and various site characteristics. Analyses were performed using Systat® software. PCA
IS a multivariate ordination procedure which may be used to reduce a multi-dimensiond
svam of daa into two or three dimensons to facilitate observations of relationships between
data points. In PCA, a series of axes are identified which describe the intringc structure of
thedataswarm. The firg principd component may be thought of geometricdly as the axis
which explans as much as possble of the variability in the relative placement of the origind
st of data points (Jackson, 1983). The second principa component is tbe axis,

perpendicular to first principd component, which best explains the remaning variability, and
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so on. In algebraic terms, the first principal component may be described as the linear
function which best explains the variation within the original data set.

In our use of PCA, we plotted the thirteen study sites according to the first two principal
component axes. Theresult isshown in Figure 2. Of the eighteen variables used in the
PCA, several were found to be important in the first and/or second principal component, and
these are used to label the four quadrants of the plot. Thefirst principal component
explained 41% of the variability in the original data, and was most heavily weighted by air
temperature, water temperature, monitoring date, Stream gradient, Sream  depth, elevation,
shade, and stream width, in that order. The second principal component explained an
additional 16% of the variability, with the heaviest weight given to tree count, el evation,
distance to divide, stream depth, and gradient. RMZ length, RMZ width, and stream
orientation were not weighted heavily in ether of the firs two principd components, but
were the dominant variablesin the third principal component, which explained an additional
14% of the variability in the original data.

Sites which plot near each other in Figure 2 have similar scores based on the eighteen
variables considered, and are related in terms of these two principal components. Wefind
some of the groupings apparent in Figure 2 interesting. SitesW2, W3, and W8 are all low
gradient streams where the BMP was ineffective, and bothW2 and W8 were heavily
influenced by beavers. Sites W7 and E2 plot very close together and represent two of the
five streams where the BMP was effective.  Another site where the BMP was effective, W1,
is located gmilarly to W7 and E2 with respect to the first principa component but
dissmilarly with respect to the second, largely due to its low eevation and high gradient.

The loadings of the variables used in the PCA establish the amount of weight they havein
the principd components. These loadings may adso be plotted with respect to the principa
components axes to depict interrelationships among the variables. We found that air
temperaiure and water temperaiure were strongly related to each other, but inversdy relaed
to shade and monitoring date, with a somewha wesker inverse reaionship to elevation,
gradient, and tree count. There was a strong positive relationship between elevation and tree
count, and a somewhat weaker positive relationship between stream depth and stream width.
Stream gradient was inversaly related to stream depth and width. The relationships explained
in the PCA support many of the observations made in the study site comparisons and case
summaries.
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Figure 2: Principle Components Plot of the 13 Study Sites
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Linear Regressions

Relationships among various gte factors and observed dtream temperature parameters were
explored further using scatter plots and linear regressions. Regressons were run  using
Systat® software. Selected scatter plots with regresson results are presented in Appendix C.
The relationships examined ae discussed below. Unless othewise noted, regression
coefficients for the independent variables were ggnificant a or above the 95% level (i.e we
ae a least 95% certan that the coefficients are dgnificantly different from zero).

Effect of Monitorine Date

The date of monitoring appears to have a drong influence on observed stream temperature
regimes. Thisisillustrated by the negative correlation between median Julian date of
monitoring and the median of maximum daily water temperature (r2=0.56). The median
Julian date was dso correlated with the median of maximum daly ar temperatures
(r2=0.73). Julian date was not correlated to stream temperature change (downstream minus
upsiream  temperature). The medii Julian date of monitoring may be thought of as a
variable which integrates such influential factors as air temperature and solar angle.. Itis
important to recognize the influence of the monitoring period as other correlaions are
explored. Thewide variation in the dates of monitoring, with only afew of the sites
monitored during periods of critical temperature conditions, probably distorts some of the
relationships between physicd dte factors and temperature.

Air_Temperature

Air temperature was postively corrdlated with water temperature.  Regressions of the median
of daily maximum air and water temperatures, with air as the independent variable, resulted
in an 2 of 0.56 using data from the downstream thermograph sites and 0.39 using data from
the upstream (background) thermograph stes. When maximum air and water temperatures
were used, r? was 0.51 and 0.53, respectively, for the downstream and upstream monitoring
Stes. Air temperature showed no dignificant correlation to water temperature change
between upstream and downstream monitoring  Sites.

The lack of a postive correlation between ar temperature and stream temperature change is
somewhat counter-intuitive. However, it is consistent with our observation that significant
dream heating occurred in some RMZs where the background ar temperatures were warmer
(or a least not significantly cooler) than downstream air temperatures. Direct solar heat
input to the stream at various points along theRMZ may be an important factor that is not
reflected in near-stream air temperature measurements teken a the thermograph stes. We
believe that direct solar hesating, through localized openings in the riparian canopy or where
the dream is digned with the midday solar azimuth, could be especidly important in low
gradient streams (eg. beaver streams) due to the water's longer residence time.
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levati

Ste eevation is a primay controlling factor for stream temperature, largely because of the
reldionship of eevation to ar temperaiure regimes. Using Smple linear regression,
devdion & the RMZ midpoint was negatively correlated to maximum downstream water
temperature (r2=0,37) and to the median of maximum daily water temperature (12=0.36).
The corrdlation between eevation and maximum water temperature. a the upstream
monitoring sites was somewhat weaker (r2=0.31, significant at the 90% level). Site
devation was smilarly corrdaied with maximum ar temperaure a the downgsream Stes
(r2=0,35). There was essentially no correlation between site elevation and water
temperaiure change between upstream and downstream monitoring  Sites.

We find it interesting that elevation, which has a drong theoreticd relationship to stream
temperature, explained only 37% of the varation of maximum water temperaure in this data
set.  This points out the importance of other factors. When shade was added as an

independent variable aong with devaion in multiple regresson, 51% of the vaidion in
maximum water temperaiure was explained, athough the regresson coefficient for shade was
not significant at the 95% level (p=0.12). When Julian date and elevation were used as two
independent variables in multiple regression, 70% of the variaion in maximum temperature
was  explaned.

Riparian Shade

Shade over the dream is a key factor for temperature control in forest streams, because it is
something that can be managed. With this set of data, average shade was negatively
correlated with water temperature. By itself, however, shade did not explain a substantial
amount of the variation in maximum water temperature(r2=0.22), and the regression
coefficient was not significant at the 95% level (p=0.11). As mentioned above, ther?is
051 when both shade and eevation ae used as independent varidbles in multiple regresson.
The relationship of maximum observed temperatures to average shade and Ste devation is
illugrated graphicaly in Figure 3. The data from Tributary to Trap Creek is an outlier in
this plot, which may be explained partly by the influence of groundwater inflow and partly
by the lateness of monitoring a this site. Average shade was not correlated to maximum air
temperatures.  This is congstent with our observations that recorded air temperatures were
sometimes higher a the background gStes, despite the greater level of shading at these stes.

In this study, shade levels among the RMZs are compared using the average of shade
measurements made a a number of points within the individud RMZ. Likewise, the
individual shade measurements are averages of four directiond measurements. While useful
for comparisons between stes, these average RMZ shade figures may not dways reflect the
critical riparian shade conditions influencing sream temperature. In some of our study Sites
the individud point measurements of shade are relatively uniform while in others the
measurements are highly variable. Thereis also adirectional component to stream shading
that is masked by the average shade figures. We believe that for some of the Stes monitored
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in this study, site specific conditions within the RMZ (e.g., amidday opening above the
dream that digns with the solar azimuth or open portions of an othewise well-shaded RMZ)
may override the effects of a high average shade level.

Groundwater _Influence

Groundwater inflow can have a-significant influence on dream temperaiure regimes (Mackey
and Berrie, 1991; Sullivan et al., 1990). The influence of substantial amounts of

groundwater inflow on dream temperaure is strong because groundwater is generaly cooler
than surface water during the summer months. Sullivan et d. (1990) suggested that the
temperature of groundwater in an areais similar to the annual average air temperature, which
ranges from about 9.0 to 11.0°C within our study areas. During summer baseflow,

essentidly dl of the flow in a given sream reach is contributed by groundwater inflow either
in that reach or upstream from it. After the groundwater enters the channe it begins to
edtablish thermd equilibrium with surface conditions, until eventualy its cooling effect on
the dream is diminished. Conceptually, stream reaches with a high proportion of
groundwater inflow would be cooler than otherwise, and less responsive to heat inputs due to
reduced ripaian  shading.

We used smple linear regresson to test the relaionship between groundwater inflow and
stream temperature. The independent variable accounting for groundwater influence was the
raio of discharge a the downsream end of the monitored reach to discharge a the upstream
end, referred to as Q-ratio. The comparison of discharge estimates gives arough
aoproximation of groundwater gain or loss within the RMZ reach. A Q-ratio greater than
1.0 indicates the reach is gaining groundwater, while a Q-ratio lessthan 1.0 indicates a
losing reach. The dependent variable was median of maximum daily temperature change
(downstream  temperature minus upsiream). As  expected, Q-ratio was negatively correlated
with temperature change(r?=0.32, significant at the 90% level). Sites with proportionately
greater grouncdwater inflow had lower increases in temperature. There was no significant
correlation between Q-ratio and maximum water temperatiure.  Groundwater influence was
most gpparent in North Fork Rabbit Creek (Ste W4 on the correation plots). Daa from this
dte ae outliers in many of the correlations using temperaiure change.

Btreem m u t h

There is a conceptud reldionship between dream orientation and temperature sengtivity, as
thisrelates to the time of day and solar angle when the solar azimuth is aligned with the
stream azimuth. Two approaches were taken to evaluate this relationship. First, azimuths
were converted to O-90 degree bearings for regresson andyss. For our data set, there were
no dggnificant correlations between azimuth and any of the temperaiure parameters.

Second, maximum stream temperatures were plotted by stream azimuth (facing downstream).

Thisplot is presented in Appendix C. There are seven sites in the two north-south oriented
guadrants, with an average maximum temperature of 17.6°C. There are five sites within the
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west facing quadrant, ‘with an average maximum temperaure of 16.2°C. However, when
Stes located within 10 degrees of the quadrant boundaries are excluded, and the stes with
the dtrongest north-south orientation are compared to those with the sStrongest east-west
orientation, the average maximum temperaures are dmos identicad. The three sreams that
had south-southwest orientations demondrated high temperaiures, with maximums exceeding
18.0°C in each case. Other than this grouping, there does not gppear to be any congstent
relaionship between Sream orientation and maximum Stream temperature in this data St
However, we beieve that on a gte specific bads, Sream orientation in relaion to the solar
pah could be an important condderation when designing an RMZ to maximize midsummer
shade on a temperaure sengtive Stream.

Stream Depth

Average bankfull depth was postively corrdated with the median of maximum daly water
temperature (r2=0.37) and with maximum water temperature (r2=0.41). There were no
sgnificant correlations between bankfull depth and the temperature change parameters.
Average water depth a the thermograph stes showed no correation with the temperature
parameters.

Stream Gradient

Stream gradient was negatively corrdlated to maximum water temperature (r2= 0.24) and to
the median of daly maximum water temperaures (r2=25). In both of these regressons, the
coefficient was sgnificant a the 90% leve. While the corrdation is not drong, the inverse
reldionship is condgtent with our observations that gradient may be a facter influencing
BMP effectiveness. There was no ggnificant correlation between gradient and measured
temperature  change.

1 Width

Average bankfull width was not sgnificantly corrdlated with any of the temperature
parameters. Bankfull width was negatively corrdated with average shade, explaining 37% of
the vaiability in shade among the stes.

other Factors

There was no correlaion shown by linear regresson between the Ste characteristics of
disance to divide, average RMZ width, or tree count/hectare and any of the temperature
parameters.  Average RMZ width showed a weak postive corrdation to shade with this data
&, explaning 21% of the vaidion in average RMZ shade, but the corrdation coefficient
was not sgnificant a the 95% level (p=0.12). Tree count did not correlate with shade,
dthough one might expect some relaionship between thee vaiables For the sreams in this
dudy, distance to divide was not corrdated to the channd characteristics of average bankfull
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width or average bankfull depth, athough one might expect a postive correation between
these vaiables.

Proposed New TFW Temperature Method

As discussed earlier, previous work by the TFW Temperature Work Group resulted in the
development of a proposed new method for identifying temperature sengtive sreams and
designiig RMZs. We applied the tools (screen and model) from the proposed method to our
sudy stes and compared the results to our conclusions about the effectiveness of the study
RMZs. This comparison is not intended to be an exhaustive test of the proposed method.
The 13 sudy stes are plotted on the temperature screen in Figure 4. Of the 11 Stes where
we have determined whether the criteria for maximum temperature are met, the screen
correctly identifies the temperature category for seven of the gtes, or 64 % . This includes
dtes W2 and W6 that plotted on the dividing line. Thesetwo Sites are marginal, but we
concluded that they are possbly exceeding criteria

Four of the eleven were incorrectly placed in the “acceptable for al streams’ category,
including three which definitely exceeded criteria and one (WS) which we judged as possibly
exceeding criteria We note that temperatures at W35 were marginal, and that two of the four
“fdse pogtives’ are anomaous in that they are losing dSream reaches. It is dso interesting
that three of the four are Class AA dreams. Our results do not alow us to test whether the
screen correctly identifies the temperature category for stes W9 and E3. Conddering  the
site specific anomalies at sites W4 and El, and the marginal nature of site W5, we believe
the screen performed well. If the two stes with flow loss were excluded, the screen would
correctly categorize 78% of our Stes.

The TFWTEMP modd is another tool that is used in the proposed method. The modd reies
on usx supplied dte information and interndly generated information to predict maximum,
mean, and minimum stream temperatures. We compared our measured maximum stream
temperatures to those predicted by the model. The modd correctly identified the maximum
observed temperature 77% of the time to + 3.0°C, 62% of the timeto+ 2.0°C, and 15%
of the time to+ 1.0°C. The model includes an option which recalculates stream

temperaiure using a safety factor to account for higher ar temperatures. Using this option,
the modd correctly identified the maximum observed temperature 77%, 54%, and 23% of
the time for accuracies of £3.0°C, +2.0°C, and +1.0°C, respectively. The model
underestimated the maximum stream temperature 69% of the time and overestimated it 31%
of the time. The largest prediction errors(> 3.0°C) were made in the case of sites W4 and
El, two losing stream reaches, and site E4.

The TFWTEMP modd aso indicates whether the proposed post-harvest shade level s
acceptable or not in consderation of dtream classfication and water quaity Standards.  Of
the 11 dtes where we have determined whether the criteria for maximum alowable
temperature are met, the mode correctly identified two as “unacceptable’ and three as
“acceptable”’.  The modd incorrectly identified six of the Stes we determined to be
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Figure 4. TFW Temperature Screen Applied to the 13 Study Sites




exceeding or possbly exceeding criteria as “acceptable’. Two of the six incorrectly
identified sites are losing streams, a Situation not addressed by the model. The model’s
cdculations assume a postive groundwater inflow rate.  Another of the six is abeaver
dream for which the modd greatly underestimated stream depth. We note that two of the
gtes incorrectly rated as “acceptable’ by the modd are margina cases where we observed
maximum temperatures  within +0.5°C of the criteria

Based on our limited evaluation; we believe that there is a problem with the way in which
the model sdlects ar temperaiure profiles for use in its caculaions. Although we did not
monitor during criticd summer conditions in many cases, we recorded ar temperatures
which were considerably higher than those used by the model in its calculations. For our
dudy sStes, which represent a farly wide range of climate regions and eevations, the model
chose only air temperature profiles number 1 and 2. These profdes correspond to maximum
July 15 to August 15 air temperatures of 189°C and 20.9°C, considerably lower than
maximum ar temperatures recorded a our monitoring sSites. It islikely that the accuracy of
the mode can be improved condderably by modifying the sdection of ar temperature
profiles.  Since it relies heavily on empiricd relationships to generate many of the vaues
used in its cdculations, the modd is desgned to be improved through incorporation of new

data.

We believe the proposed new method is capable of correctly identifying temperature senstive
dreams in a mgority of cases. However, the screen and modd may not adequately identify
dreams which are sendtive due to Ste gspecific anomaies such as flow loss and modification
by beavers. In predicting temperature categories(i,e. acceptable vs. unacceptable), the

screen performed better than the mode for our data set. The proposed method relies heavily
on the screen, with the model proposed for use only in cases where the possibility of
exceeding the temperature change criterion of 2.8°C is indicated. Given this use of the
model, it may not be criticd that it correctly determines the acceptability of post-harvest
shade levels, but rather that it can predict a change in water temperature associated with a
change in shade levels when other factors are held congtant.

The proposed new method, while having some limitations, offers mgor advantages over the
current BMPs which rey on dandard RMZ prescriptions and upgraded standard prescriptions
for temperature sendtive streams. The main advantage of the proposed method isits
incorporation of two of the primary factors affecting stream temperature: Ste eevation and
riparian  shade. Another important advantage is that the proposed new method ties the
concept of temperature sendtivity directly to dtate water quality standards, whereas the
current RMZ rules do not.
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CONCLUSIONS AND RIXOMMENDATIONS

Conclusions

Based on the previous discusson and observations contained in the case summaries, we are
able to draw a number of conclusons regarding BMP effectiveness and the factors which
influence the ability of the current RMZ rules to achieve water quality criteria for
temperature.

1)

The RMZ prescriptions were effective at meeting water quaity standards at five of the
thireen dtes. Thisincludes all three of the east side, partial cut harvest units for which
we were able to determine BMP effectiveness. At two of these east sideRMZs,
maximum water temperaiures exceeded the water quality criteria, but the exceedances
were not atributed to timber havesting. The BMP was effective at all three of the
dudy gtes which were above 600 meters eevation.

The RMZ prescriptions were ineffective a meeting water quaity standards at six of the
thii study sites. All of these were west side units with clearcut harvests, and all
were below 500 meters elevation. For these sites we believe that leaving additional
shade within the RMZ, or leaving awider RMZ, could have resulted in achievement of
water quality standards. The standards could have been met either through meeting the
numerical criteria or assuring that there was no temperaiure increase associated with the
harvest (i.e. no remova of trees or nonmerchantable woody vegetation that provide
shade to the stream).

At the two remaning Stes, we were. not able to determine BMP effectiveness due to the
lateness of monitoring and the margind nature of the results.

The primary site factors associated with effective RMZs appear to be: moderately high
elevation (> 600 meters), high average levels of riparian shading, relatively wide
RMZs, dense woody vegetation, groundwater inflow within the reach, stream
morphology associated with relatively high gradients, and partid cut  harvesting.

The primary Ste factors associated with ineffective RMZs appear to be low to moderate
devaion (< 500 meters); low to moderate levels of riparian shade; loss of streamflow
within the reach; streanm morphology associated with low gradients and/or stream
modification by beaver activity resulting in wide, deep pools and open water segments;
and clearcut harvesting. Removal of nonmerchantable woody vegetation appearsto be
an important factor in some RMZs, particularly in highly senstive beaver streams.

The water quaity standard classfication that applies to a dte is an administrative factor
that influences the determination of BMP effectiveness by setting a higher performance
standard for certain sites. RMZs designed for Class AA streams may need to retain
more of the pre-harvest shade when other gSte characteristics indicate temperature
sengitivity.
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7)

For study sites where additional shade was needed to achieve water quality standards, a
wider RMZ (i.e. awider leave tree perimeter) or retaining all of the trees and other
woody vegetation within the RMZ would have been required. Harvesting within the
leave tree perimeter of the RMZ was a factor which limited the effectiveness of the
RMZ in at least two of the study sites.

In certain cases where dsreams are highly temperatiure sengtive, the only way to ensure
BMP effectiveness is to design the RMZ such that no reduction in stream shading
occurs.  Thiscontrasts with RMZ rulesin effect at the time the study units were
harvested, which called for retaining 50% to 75% of the pre-harvest shade level for
temperature  senstive  streams. We believe it may be necessary to retan 100% in some
cases.

The minimum RMZ width of 7.6 meters (25 feet) for west sde streams is inadequate for
temperature protection on many moderate to low eevation dSreams. In some cases, the
maximum RMZ width of 152 meters (50 feet) for west Sde type 3 streams may not be
wide enough for adequate temperaiure protection. This could be the case in some
gtuations where retaining 100% of the shade is caled for to protect stream temperatures.
Whether or not trees outsde of the maximum RMZ width could provide effective shade
would depend on the compostion of the riparian stand and/or Ste topography.

10) The proposed new TFW method for identifying temperature sendtive streams and

desgning RMZs takes many of the important site factors into account, and is expected to
identify streams requiring enhanced temperature protection (i.e. above-minimum RMZ
prescriptions) in amajority of cases. The method may not identify streams which are
sengtive due to Ste specific anomalies such as beaver activity or loss of flow. In
margind cases, where the screen does not yield a clear result in terms of acceptability,
the only way to be certain whether the proposed shade remova is acceptable is to
monitor dream temperaure prior to harvesting during criticd summer  conditions.

Recommendations

1)

Incorporate the proposed new TFW temperature method (temperature screen and
TFWTEMP model) into the Forest Practices Rules. Modify the way in which the model
sdects ar temperaiure profiles. Established a process to periodicdly update the
empiricd components of the screen and model as more data become avalable.

Include procedures for identifying and addressng Ste specific anomdies in the stream
temperature method for designing RMZs. In addition to using the temperature screen
andlor model, identification of temperaiure sengtivity should address Ste specific
dtuations, such as stream modification by beavers and stream reaches which are losing
flow, in order to adequately protect sengtive streams.
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3)

5)

6)

Add provisons in the RMZ rules for retention of 100% of stream shading for the most
sengtive stream  reaches. This should be required in al cases where pie-harvest
conditions exceed maximum temperature criteria.  All  nonmerchantable  woody
vegetation should be retaned on beaver streams and other temperature sengtive streams.

Congder revisng minimum RMZ widths for low eevation, west Sde dreams, and
determine whether the maximum RMZ widths for west sde, type 3 dtreams ae
adequate. This may require additional temperature monitoring in low elevation streams
in conjunction with RMZ  characterization.

Condder revisng the water quaity standards classfication system for the purposes of
temperature criteria in forest dtreams, in order to be more representative of naurdly
occurring  temperature  regimes.

In future studies of BMP effectiveness, monitoring of stream temperatures should be
conducted during the July 15 to August 15 period to ensure results that are representative
of criticd dream temperature conditions (i.e. maximum equilibrium temperature). If
feasble, monitoring before and after harvesting should be conducted to definitively
determine whether the BMP is effective a meeting the criteria for temperature change.
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APPENDIX B

MAPS OF THE STUDY SITES
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APPENDIX C

SCATTER PLOTSAND REGRESSIONS
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Azimuth Plot: Maximum Water Temperature in relation to Stream Orientation
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